Background--Uncertainty remains about whether stroke affects men and women similarly. We studied differences between men and women with regard to stroke severity and survival.
I
nformation about whether a given treatment works in the same way for men and women is essential. This knowledge requires studies of whether men and women are affected by the same disease in the same way and whether their survival after the disease is the same.
Stroke is the second leading cause of death and the second largest burden of disease in the Western world 1 ; therefore, treatments that can mitigate the consequences of stroke are essential. Nonetheless, uncertainty exists about how stroke affects the 2 sexes in terms of survival and severity. In some studies, the ability to survive was unrelated to sex, whereas in others, survival was either better or worse in women than in men. [2] [3] [4] Similar uncertainty is seen in studies of stroke severity in men and women. 4, 5 Knowledge about the severity of the stroke leading to death is a prerequisite for studies of survival after stroke. The available studies of men's and women's abilities to survive stroke have included not only death due to the index stroke but also death due to other diseases (eg, recurrent stroke, heart disease, cancer, infection) for which there was no information on severity. [6] [7] [8] [9] [10] [11] If women have strokes of different severity from those of men, studies of male and female survival after stroke are at risk for selection bias unless the severity of the stroke from which the patient dies is known. In addition to information on stroke severity, such studies also require certainty that the death resulted from the index stroke. No studies have been performed in which these preconditions were fulfilled, and that may explain the widely divergent reports of men's and women's chances of survival after stroke. The purpose of this investigation was to study potential sex disparities in stroke by comparing men's and women's abilities to survive after stroke, with adjustment for differences in demographics, socioeconomic status, cardiovascular risk factor profile, stroke subtype, and severity of the index stroke in 79 617 patients admitted to Danish hospitals for stroke between 2003 and 2012. To avoid selection bias, we studied only deaths due to the index stroke, with the assumption that a death due to stroke as recorded on death certificates was due to the index stroke if the death occurred within the first month after the stroke.
Material and Methods
The study is based on data in the Danish Stroke Registry (formerly the Danish National Indicator Project), which is described in detail elsewhere. 10, 12 The registry contains information on all hospital admissions for stroke in Denmark; coverage is currently estimated (by professional consensus) to be >80%. 13 All Danish hospitals report a defined set of data on all patients admitted for acute stroke, including age, sex, marital status, admission stroke severity measured on the Scandinavian Stroke Scale, 14 stroke subtype (ischemic or hemorrhagic), and a predefined cardiovascular profile. The Scandinavian Stroke Scale is a validated neurological scale for evaluating level of consciousness; eye movement; power in the arm, hand, and leg; orientation; aphasia; facial paresis; and gait, with a total score of 0 to 58. Lower scores indicate more severe stroke. Ischemic stroke was distinguished from primary intracerebral hematoma by computed tomography or magnetic resonance scanning. The cardiovascular profile included information on alcohol consumption (high: >14 drinks per week for women and >21 for men; low to moderate: ≤14 drinks per week for women and ≤21 for men), smoking (current daily smoker, former smoker, never smoker), diabetes mellitus, atrial fibrillation (chronic or paroxysmal), arterial hypertension, previous myocardial infarct, previous stroke, intermittent arterial claudication, and body mass index. Diabetes mellitus, atrial fibrillation, arterial hypertension, previous myocardial infarct, and previous stroke were diagnosed according to current Danish standards 12 and were either known before the onset of stroke or diagnosed during hospitalization. Body mass index was divided into 4 categories (in kg/m 2 ): underweight (<20), normal weight (20 to 25), overweight (25 to 30), and obese (>30). Stroke was defined according to World Health Organization criteria. 15 Patients with subarachnoid hemorrhage were excluded from the study, as were patients with transient ischemic attacks. For patients with multiple events, only the first event was included in the analysis. We excluded patients aged <19 years and patients in whom computed tomography or magnetic resonance scanning had not been performed (0.9%) or was unavailable (0.9%). Time was scaled from the day of hospital admission. For all patients in the study population, we obtained information on level of education and disposable income by linkage to the registries of Statistics Denmark. 16 17 : stroke (I60 to I69), heart disease (I00 to I25, I27, I30 to I51), cancer (C00 to C97), respiratory disease (J00 to J99), and other diseases. For the purpose of this study, we studied only deaths declared as caused by stroke (ICD-10 codes I60 to I69) within the first month after the index stroke. Separate analyses were performed for all stroke, ischemic stroke, and hemorrhagic stroke. Age-specific stroke severity in men and women after adjustment for cardiovascular risk profile, income, and education and multiple imputation. For each sex, the mean severity as a function of age is given with 95% pointwise confidence limits. The interaction between age and sex is significant (P<0.0001), namely, the association between age and severity is significantly different for men and women. 
Statistics
Differences in income, education, and cardiovascular risk profile between men and women were tested with v 2 tests after adjustment for age and stroke severity by inverse probability weighting. 18 We applied multiple linear regression to describe differences in stroke severity as a function of age by separate restricted cubic splines for men and women, with adjustment for cardiovascular risk profile, income, education, and marital status. In our data set, the probability of missing data was associated with stroke severity but, to our knowledge, not with the variable itself. Consequently, we believed that data were missing at random, and thus we applied multiple imputation (10 repetitions) in cases for which information on any of the variables of interest was missing.
We used Cox regression models of the event of death by stroke within 1 week and 1 month by censoring for death due to other causes, end of follow-up, or loss to follow-up, whichever came first. Separate analyses were performed for all stroke, ischemic stroke, and hemorrhagic stroke. As a sensitivity analysis, an additional analysis of all-cause mortality within 1 week and 1 month was performed. We used time since admission as the underlying time scale, with adjustment Age and severity score are categorized in quartiles. *Deaths from stroke are deaths within 1 month of admission.
for marital status, income, education, and cardiovascular risk profile. Stroke severity was categorized in quartiles, and age was included as a continuous variable by means of restricted cubic splines to account for nonlinearity. For age, separate restricted cubic splines were estimated for men and women. We repeated the analyses without adjustment and tested the cubic splines against linear alternatives by means of likelihood ratio tests. The results are presented graphically, namely, the estimated hazard ratio (HR; men versus women) with 95% pointwise confidence intervals as a function of age, with a reference line at an HR of 1 corresponding to equal hazard. Significant differences in men versus women can be seen from the confidence intervals (ie, compared with the reference line). Global tests of risk differences between men and women were performed by likelihood ratio tests. In all analyses, we applied multiple imputation (10 repetitions) in cases for which information was missing. We used R version 3.0.2 (R Foundation) for all analyses 19 and accepted significance at 5%.
Results
Of the 79 617 patients with stroke registered in the Danish Stroke Registry, 47.2% were women and 91.7% had ischemic stroke. The mean age of the women was 74.4 years (SD 13.6), and the men had a mean age of 69.5 years (SD 12.5) (P<0.0001). The mean stroke severity score was 40.4 (SD 17.3) for women and 44.0 (SD 15.6) for men (P<0.0001). The severity of stroke increased with age ( Figure 1) , with an accelerated increase after 60 years. Overall, 96% of the patients were treated in stroke units. The cardiovascular risk factor profile, marital status, and socioeconomic status of the patients are listed in Table. Data were complete for >80% of all variables except body mass index (70%); for 33 359 patients, there was complete information on all variables. After adjustment for age and stroke severity by inverse probability weighting, men more often had diabetes mellitus, previous myocardial infarct, intermittent arterial claudication, ischemic stroke, previous stroke, and high alcohol consumption compared with women. Women more often had hypertension and atrial fibrillation and were less often obese. Men were also more often smokers, more often had higher education, and more often had the highest quintile of income.
Age-and sex-specific stroke severity (all stroke) adjusted for cardiovascular risk factors, stroke subtype, marital status, and socioeconomic position by multiple imputation for all 79 617 cases is shown in Figure 1 , which indicates that after the age of 60 years, women had more severe strokes than men, with the increase being significant among those aged early 70s and older. The same results were seen when analyzing ischemic stroke ( Figure 2 ) and hemorrhagic stroke Figure 2 . Age-specific stroke severity in men and women with ischemic stroke after adjustment for cardiovascular risk profile, income, and education and multiple imputation. For each sex, the mean severity as a function of age is given with 95% pointwise confidence limits. The interaction between age and sex is significant (P<0.0001), namely, the association between age and severity is significantly different for men and women. Figure 3 . Age-specific stroke severity in men and women with hemorrhagic stroke after adjustment for cardiovascular risk profile, income, and education and multiple imputation. For each sex, the mean severity as function of age is given with 95% pointwise confidence limits. The interaction between age and sex is insignificant (P=0.1032), namely, the association between age and severity is not significantly different for men and women.
( Figure 3 ) separately, although results were insignificant for the latter.
Of the 79 617 patients, 4373 (5.5%) died within the first week of their stroke, and stroke was given as the cause of death on the death certificates of 3334 (4.2%). Within the first month, 7878 patients (9.9%) died, and stroke was given as the cause of death on the death certificates of 5512 (6.9%). Consequently, stroke was the cause of death on death certificates in 76% of cases within the first week and in 70% of cases within the first month after stroke.
The following causes of death (other than stroke) within 1 week or 1 month were noted: heart disease (535 or 1176 patients), cancer (110 or 310 patients), respiratory disease (68 or 172), and other diseases (326 or 668 patients). Figure 4 shows the sex-specific risk for death by all stroke within 1 week and 1 month after the stroke, unadjusted and adjusted for age, sex, stroke severity, stroke subtype, marital status, cardiovascular risk factors, duration of education, and income.
The unadjusted risk for death from stroke within the first month of hospital admission was higher for women than for men aged 50 to 85 years, although it was insignificant; however, adjustment for stroke severity, stroke subtype, civil status, cardiovascular risk factors, duration of education, and income changed this finding. Men and women aged up to their mid-60s showed no difference in risk of death from stroke. After the age of 65 years, however, the risk for men gradually increased beyond the risk for women and significantly so (>15%; lower confidence limit >1) among those in their mid70s (death within 1 month) and mid-80s (death within 1 week). The result of an analysis based on all-cause death (stroke, heart disease, cancer, respiratory disease, other Figure 4 . Age-specific HRs of death by stroke (men vs women), adjusted and unadjusted for stroke severity, cardiovascular risk profile, income, and education and with multiple imputation after 1 week and 1 month. The solid line is the HR, and the dashed lines are 95% pointwise confidence intervals. The horizontal line at HR 1.0 corresponds to the same hazard for men and women, and thus statistical significance can be judged by comparing the confidence limits with this line. Global tests for differences between men and women in the adjusted analyses give P=0.0535 for 1 week and P<0.0001 for 1 month. HR indicates hazard ratio. diseases) was essentially the same ( Figure 5 ). Separate analyses for death by ischemic stroke ( Figure 6 ) and hemorrhagic stroke (Figure 7 ) revealed the same trend of a female survival advantage among elderly stroke patients, although the advantage was insignificant in some cases due to the lower statistical power in the stratified analysis.
Discussion
This study demonstrates sex disparities in stroke severity and survival. Although little difference was seen at younger ages, elderly women were affected more severely than men but were more likely to survive.
Most studies have indicated that stroke is more severe in women than in men, although the finding has been regarded as a result of confounding by age. 5 As shown in our study, women are usually older than men when they have a stroke, and severity increases with age; however, even after adjustment for cardiovascular risk profile, socioeconomic status, and age, stroke remained more severe in women. Severity is the most important determinant of short-term survival after a stroke, 20 and information on this aspect is essential for examining sex differences in mortality after stroke. In its absence, mortality among women will inevitably appear higher than that among men because stroke severity is linked directly to the risk of death after stroke.
In studying sex differences in stroke survival, information on stroke severity is useful only if the deaths studied are due to an index stroke for which information on severity is available. If death is due to diseases other than the index stroke and no information on severity before death is Figure 5 . Age-specific HRs of death by all causes (men vs women), adjusted and unadjusted for stroke severity, cardiovascular risk profile, income, and education and with multiple imputation after 1 week and 1 month. The solid lines are the HRs, and the dashed lines are 95% pointwise confidence intervals. The horizontal line at HR 1.0 corresponds to the same hazard for men and women, and thus statistical significance can be judged by comparing the confidence limits with this line. Global tests for differences between men and women in the adjusted analyses give P=0.0095 for 1 week and P<0.0001 for 1 month. HR indicates hazard ratio. available, information on the severity of the index stroke is of no value because the death was not necessarily due to the index stroke. In our study, one-third of deaths within the first month after a stroke were due to diseases other than the index stroke. Information on stroke severity was not available in many studies of sex differences in stroke survival. 21 Because stroke is generally more severe in women, these studies were subject to selection bias and gave the impression that the survival of women was poorer than that of men. Studies in which information on stroke severity was available 7-11 also included deaths due to any cause, thereby introducing potential bias because men's and women's survival capacity was compared in the absence of information on the severity of the diseases leading to death for large numbers of patients (in our study, one-third of the population).
To the best of our knowledge, we are the first to study sex differences in death due to an index stroke with information on the severity of the disease leading to death (in this case, the index stroke) for all cases. In this way, we obviated potential bias. Our study gives no explanation of difference in survival or severity of stroke between men and women. The size of stroke lesions (infarcts or hematomas) relative to brain volume may differ between men and women, but we had no information on this factor. Clinically, women may respond differently from men to the same brain lesion. There is now strong evidence of sexual dimorphism in stroke, with differences observed both clinically and in the laboratory. 22 Women suffer greater stroke-related disability and poorer quality of life than men after stroke. 3, 4 Experimentally, ischemiainduced cell death pathways differ between the 2 sexes. 23 In vivo models of ischemic stroke have shown smaller infarcts Figure 6 . Age-specific HRs of death by stroke (men vs women), adjusted and unadjusted for stroke severity, cardiovascular risk profile, income, and education and with multiple imputation after 1 week and 1 month (ischemic strokes). The solid lines are the HRs, and the dashed lines are 95% pointwise confidence intervals. The horizontal line at HR 1.0 corresponds to the same hazard for men and women, and thus statistical significance can be judged by comparing the confidence limits with this line. Global tests for differences between men and women in the adjusted analyses give P=0.0995 for 1 week and P=0.0001 for 1 month. HR indicates hazard ratio.
in younger women and larger infarcts with age compared with men. 24 The heavier load of cardiovascular risk factors associated with male sex cannot explain the female survival advantage because we adjusted for sex differences in the cardiovascular risk factor profile. The difference in survival between men and women was seen around the age of 65 years and appeared to increase with age. Although this conclusion is speculative, the difference could be a result of the progressive decrease in testosterone in elderly men. New evidence indicates that low androgen levels are associated with death from all causes, in particular from cardiovascular disease. 25, 26 Testosterone is associated with many factors that might influence vital functions and processes in the acute state of stroke, such as blood glucose, blood pressure, insulin resistance, lipids, inflammatory cytokines, and vascular tone, 26 and thus might influence survival in the acute stage of stroke. Our study had both strengths and weaknesses. Its strength is its large sample size, which provided high statistical power. We included patients without limitation on age (>19 years), sex, or stroke severity. Stroke severity was measured on hospital admission with a well-validated neurological scale. Data on survival up to 1 month after a stroke, including causes of death recorded on death certificates, were complete, and we studied only deaths that were stated on death certificates as caused by stroke. In population-based studies, two-thirds of early deaths after stroke were reported to be due to the index stroke, [27] [28] [29] and this finding was corroborated in our study, in which 70% of deaths within 1 month of a stroke were due to stroke, as stated on death Figure 7 . Age-specific HRs of death by stroke (men vs women), adjusted and unadjusted for stroke severity, cardiovascular risk profile, income, and education and with multiple imputation after 1 week and 1 month (hemorrhagic stroke). The solid lines are the HRs, and the dashed lines are 95% pointwise confidence intervals. The horizontal line at HR 1.0 corresponds to the same hazard for men and women, and thus statistical significance can be judged by comparing the confidence limits with this line. Global tests for differences between men and women in the adjusted analyses give P=0.0483 for 1 week and P=0.0735 for 1 month. HR indicates hazard ratio.
certificates. Although useful in determining cause of death, 30 death certificates are subject to some uncertainty. 31 In another Scandinavian study, 32 reevaluation of the accuracy of death certificates revealed disagreement of 45% at the 4-digit ICD-10 level and 12% to 13% at the 3-digit level (the ICD-10 level used in this study). The validity of causes of death according to death certificates should be seen in this light. Because we limited our study to deaths occurring in close relation to the stroke incident, within 1 week and 1 month of the stroke, we consider the deaths studied, for the most part, to be related to the index stroke. Although ischemic and hemorrhagic strokes carry different mortality rates, especially in the acute stage, 33 the results of separate analyses for ischemic and hemorrhagic strokes were essentially the same as those of the analysis of all strokes. Finally, the results of a sensitivity analysis including death by all causes did not deviate from those of the analysis of death by stroke. Although the Danish Stroke Registry is a nationwide registry of all patients admitted to the hospital for acute stroke, its coverage is not yet complete (presently estimated to be 80%). 13 The completeness of data on diabetes, previous myocardial infarct, atrial fibrillation, and hypertension was >95%, and completeness for alcohol consumption, smoking, and intermittent arterial claudication data was >78%. Treatment would have been uniform because 96% of patients were treated in a stroke unit. Nevertheless, we applied multiple imputation to compensate for missing information. When we restricted the analysis to the 33 359 patients for whom complete information was available on all variables (data not shown), our conclusion remained the same: Elderly women were more likely to survive stroke than elderly men. We cannot exclude the possibility of bias due to variables (that might have influenced survival) not recorded in the registry; however, differences in quality of treatment between men and women can hardly explain women's survival advantage. A study based on 29 549 stroke patients in the Danish Stroke Registry observed no substantial sex-related differences in the quality of acute hospital care in Denmark, and sex-related differences in mortality appeared not to be explained by differences in acute hospital care.
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In conclusion, sex disparities in stroke are usually considered to be the result of confounding by age and comorbidity before the stroke; however, this study provided evidence of innate sex-specific differences. Strokes were more severe in women; therefore, adjustment for stroke severity is essential when studying stroke outcomes. The excess mortality among women in the unadjusted analysis was replaced by excess mortality among men in their mid-60s and older in our adjusted analyses. Our study is the first with information on the severity of stroke resulting in death, so the dominant determinants of death due to this cause (ie, age and stroke severity) were taken into account. Our results show an innate female superiority in likelyhood of survival after stroke. Both experimental and clinical research on stroke has been conducted in populations dominated by young men, whereas most stroke patients are elderly and female, and it was in this group of stroke patients that sex differences in stroke severity and survival were seen. A true picture of the clinical reality can be seen only if more focus is directed to elderly patients and if outcomes are evaluated for each sex.
